OBJECTIVE: Because of the high incidence of recurrent colorectal adenomas, regular surveillance by colonoscopy is recommended. However, there is still a shortage of information on the factors that influence the incidence of recurrent colorectal adenomas in patients with a history of these lesions. The aim of this study was to determine the association between the development of recurrent colorectal adenomas, metabolic syndrome and obesity. SUBJECTS AND METHODS: The hospital-based cohort was composed of 193 patients who had recurrent colorectal adenomas removed between January 2002 and December 2003. The Cox proportional hazard model was used to determine hazard ratio (HR) and 95% confidence interval (CI) between obesity, metabolic syndrome and other factors, and the incidence of recurrent adenomatous polyps. RESULTS: The mean follow-up period was 4.8 person-years. In all, 78 of the patients (40.4%) had recurrent colorectal adenomas. In the overall recurrent adenoma group, significant associations between metabolic syndrome (HR, 1.33; 95% CI, 1.02--1.73), waist circumference (WC) X90 cm (HR, 1.42; 95% CI, 1.06--1.90) and waist--hip ratio (WHR) X0.9 (HR, 2.03; 95% CI, 1.55--2.68) were found. Moreover, advanced adenomas were significantly associated with metabolic syndrome (HR, 2.81; 95% CI, 1.86--4.25), body mass index X25 kg m À2 (HR, 2.69; 95% CI, 1.64--4.42), WC (HR, 2.16; 95% CI, 1.31--3.54) and WHR (HR, 1.99; 95% CI, 1.28--3.11). In addition, current smoking (HR, 2.60; 95% CI, 1.09--6.25) and alcohol consumption (HR, 2.20; 95% CI, 1.10--4.39) were also significantly associated with recurrent advanced adenoma. CONCLUSION: Metabolic syndrome and obesity were significantly associated with the development of recurrent colorectal adenomas in Korean adult males. Furthermore, these associations were more strongly associated with advanced adenomas.
INTRODUCTION
The incidence of colorectal cancer has been increasing rapidly over the past three decades in South Korea, which was previously known as a low-incidence area. According to the Korean National Cancer Registry, colorectal cancer is the second most common cancer and the fourth leading cause of cancer death in Korean men. 1 Colonoscopy screening with the removal of adenomas is an effective strategy for reducing colorectal cancer incidence and mortality, 2, 3 and it is one of several accepted screening modalities. 4 Periodic surveillance examinations have been considered necessary because of the high incidence of adenomatous polyps detected during follow-up. 5--7 The recurrence of colorectal adenoma generally manifests as small, tubular adenomas, whereas high-grade dysplasia or invasive carcinomas are rarely found during follow-up examinations. 8, 9 Because of the cost of surveillance programs and the inherent risk of complications associated with colonoscopy, it is of interest to determine the optimal frequency of examinations and define the patient groups who may benefit the most from intensive follow-up.
Identification of the risk factors that influence the rate of adenoma recurrence is important for determining and planning subsequent surveillance follow-up intervals and for the identification of modifiable factors. However, little is known about the factors associated with recurrent adenomas, except endoscopic factors such as multiplicity, size and histology. The current recommendations state that patients with one or two small (o10 mm) adenomas on the index colonoscopy are at low risk for recurrent advanced adenomas and should have surveillance colonoscopy at 5-year intervals. However, patients with advanced adenoma (that is, adenoma X10 mm, villous adenoma, adenoma with high-grade dysplasia or invasive cancer) or X3 small adenomas are at high risk for recurrent advanced adenomas and should undergo a surveillance colonoscopy at 3-year intervals. 10, 11 However, there has not been any recommendation for surveillance colonoscopy according to individual modifiable factors such as obesity, metabolic syndrome and other lifestyle factors.
In several previous studies, metabolic syndrome or its individual components including obesity have known to be associated with colorectal adenomas, 12--15 whereas the role of metabolic syndrome as a risk factor for recurrence after polypectomy is unclear. Metabolic syndrome is a multifactorial condition that includes increased body mass index (BMI) or waist circumference (WC), increased blood pressure, increased fasting blood sugar, and increased triglyceride and reduced high-density lipoprotein cholesterol levels. 16 The recent rapid socioeconomic growth in South Korea has resulted in marked lifestyle changes that have probably increased the prevalence of metabolic syndrome. Using the modified National Cholesterol Education Program Adult Treatment Panel criteria, the age-adjusted prevalence of metabolic syndrome among Korean adults was 14.4% in 2001. 17 In the present study, we investigated whether metabolic syndrome is associated with colorectal adenoma recurrence in Korean adult males. In addition, we investigated the relationship between recurrence of colorectal adenomas and obesity, together with lifestyle factors such as alcohol consumption, cigarette smoking and physical activity.
MATERIALS AND METHODS

Study population
We identified 1565 healthy male subjects who visited the Health Promotion Center at Ulsan University Hospital, Ulsan, South Korea from January 2002 to December 2003 for routine health examinations and underwent colonoscopy. On the day of colonoscopy, anthropometric measurements were taken for each subject; each patient also responded to a self-administered questionnaire, and underwent a physical examination and blood tests.
We excluded participants with a history of colon cancer, colon polyps, inflammatory bowel diseases or prior colonic surgery. Subjects with a history of familial adenomatosis polyposis and patients on life-long anticoagulant therapy were also excluded from this study. Of the 1189 participants who were included, 35 did not agree with the consent form, and 19 could not complete all phases of the colonoscopic examination or did not undergo a polyp biopsy. Among the remaining 1135 participants, colorectal adenomatous polyps were histologically diagnosed in 236 patients and removed. All patients documented in the registry were asked to participate in a follow-up program. Patients who had only a single initial adenoma were examined at 3-year intervals, while those with multiple or large (X10 mm) adenomas at 1-or 2-year intervals. Thus, a total of 193 patients were identified to have at least one follow-up examination documented after initial colonoscopy. We considered all colorectal adenomas that were diagnosed during a follow-up colonoscopy as study end points. The Institutional Review Board of Ulsan University Hospital approved this study protocol and all the patients provided written informed consent for their participation in this study.
Questionnaire information
Using a structured, self-administered questionnaire, subjects were asked about their smoking and drinking habits, physical activity, medical history and socioeconomic status. Smoking habits were categorized as never, exsmoker or current smoker. Anyone who smoked within the last 30 days was classified as a current smoker. An ex-smoker was defined as an individual who had smoked at least one pack per year and was distinguished from someone who had never smoked. Drinking habits were classified as drinker or non-drinker. A drinker was defined as an individual who had consumed alcohol more than once per week over a period of at least 1 year or longer. Physical activity was classified as regular, irregular and none, regardless of exercise type or intensity level. An individual who reported exercising regularly within the past year was classified as regular exercise group. An individual who exercised irregularly was distinguished from someone who had never exercised in the past year. The regular and irregular exercise groups were classified as the exercise 'yes' group in the analysis.
Anthropometric and laboratory measurements
Anthropometric height and weight were measured by trained examiners to the nearest 0.1 cm and 0.1 kg, respectively, using Inbody 2.0 (Biospace, Seoul, South Korea). BMI values were calculated by dividing the weight in kilograms by height in meters squared. WC was measured to the nearest 0.1 cm at the narrowest point between the lower border of the lowest rib and the iliac crest. The waist hip circumference ratio (WHR) was calculated by dividing the WC by hip circumference. Blood pressure was measured by trained nurses using a mercury sphygmomanometer after at least 10 min of rest with the subjects in sitting position. Following an overnight fast, blood samples were collected and analyzed with a Modular DPE system (Roche Diagnostics, Penzberg, Germany). Fasting plasma glucose levels were measured using a hexokinase UV method. Triglyceride and high-density lipoprotein cholesterol levels were measured by an enzymatic calorimetric method. HbA1c was measured by high-performance liquid chromatography using a Bio-Rad Variant II system (Bio-Rad Laboratories, Hercules, CA, USA).
Definition of metabolic syndrome
In this study, MS was defined according to the modified National Cholesterol Education Program Adult Treatment Panel III criteria with a modified WC appropriate for Koreans. The WC cut-off point for abdominal obesity in Korean men is 90 cm. 18 According to these criteria, individuals were defined as having MS if three or more of the following clinical features were present: (1) central obesity with WC X90 cm for men; (2) triglyceride X150 mg dl -1 or specific treatment for this lipid abnormality; (3) high-density lipoprotein cholesterol o40 mg dl -1 for men; (4) elevated blood pressure X130/85 mm Hg or use of antihypertensive agents; and (5) fasting plasma glucose X100 mg dl -1 or HbA1c X6.4% or use of diabetic medications.
Diagnosis of colorectal adenoma
Colonoscopies were performed by experienced colonoscopists unaware of the clinical aspects of the study. Bowel preparations were carried out using 4 l of a polyethylene glycol electrolyte solution (Taejoon Pharm, Seoul, South Korea). The locations, sizes, number and types of all polyps were recorded. Locations of colorectal adenomas were categorized as proximal colon (including the cecum, ascending colon and transverse colon) and distal colon (including the splenic flexure, descending colon, sigmoid colon and rectum). The size of each polyp was estimated by the use of 8-mmdiameter open-biopsy forceps.
Histological assessment of the polyps was performed by two experienced pathologists who were unaware of each subject's status. In this study, the adenomas were classified as tubular, serrated, tubulovillous, villous, high-grade dysplasia or adenocarcinoma. Hyperplastic polyps were included in the adenoma-free group. Advanced adenoma was defined as a polyp size of X10 mm in diameter, villous type (containing 425% villous features), high-grade dysplasia or invasive cancer. 19, 20 Statistical analysis Continuous variables are expressed as the mean ± s.d. For intergroup comparisons, continuous variables were analyzed using the Student's t-test and categorical variables were examined using the w 2 -test. We evaluated the following variables as risk factors for recurrent adenoma, using Cox proportional hazard models to calculate hazard ratios (HRs) and 95% confidence intervals (CI): metabolic syndrome, BMI, WC, WHR, alcohol consumption, smoking habits and physical activity. Data analyses were performed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). All tests were two-tailed and P-valueso0.05 were considered statistically significant.
RESULTS
Demographic and clinical characteristics of the subjects with and without adenoma recurrence are summarized in Table 1 . Among the 193 studied subjects, 78 (40.4%) had recurrent adenomas and 115 (59.6%) were adenoma-free on the surveillance follow-up colonoscopy. There was no difference in age or follow-up period between the subjects with and without recurrent adenomas. The mean follow-up period was 4.8 person-years. Compared with subjects without recurrent adenomas, those with recurrent adenomas were more obese with respect to both BMI and total body fat. There were significant differences in cigarette-smoking habits and alcohol consumption between the subjects with and without recurrent adenomas.
The colonoscopic findings of recurrent adenomas are summarized in Table 2 . Tubular adenoma was the most common histological type of recurrent adenomas. Table 3 shows the associations of metabolic status with the recurrent and advanced adenomas. After adjusting for all co-variables (age, metabolic syndrome, BMI, WC, WHR, smoking habit, alcohol consumption and physical activity), the HR for recurrent adenomas in the presence of metabolic syndrome was significantly higher (HR, 1.33; 95% CI, 1.02--1.73). In addition, subjects with increased WC (HR, 1.42; 95% CI, 1.06--1.9) and WHR (HR, 2.03; 95% CI, 1.55--2.68) also had significantly increased HRs for recurrent adenomas. Moreover, metabolic syndrome (HR, 2.81; 95% CI, 1.86--4.25), BMI (HR, 2.69; 95% CI, 1.64--4.42), WC (HR, 2.16; 95% CI, 1.31--3.54) and WHR (HR, 1.99; 95% CI, 1.28--3.11) were strongly associated with the presence of advanced adenomas. Table 3 also shows the associations of the development of recurrent or advanced adenomas with smoking habits, alcohol consumption and physical activity. Subjects who regularly consumed alcohol (HR, 2.12; 95% CI, 1.45--3.08) had a significantly higher HR of recurrent adenoma than the reference group. Furthermore, individuals currently smoking (HR, 2.60; 95% CI, 1.09--6.25) and drinking alcohol (HR, 2.20; 95% CI, 1.10--4.39) were more likely to develop advanced adenomas. Finally, the recurrence rate of advanced adenomas in the exercise group was significantly lower than that of individuals who had never exercised (HR, 0.59; 95% CI, 0.38--0.92).
DISCUSSION
The prevalence of metabolic syndrome is increasing due to the escalation of obesity and sedentary lifestyle worldwide. The . Obesity by total body fat was defined as a total body fat X25%. Abdominal obesity was defined as a waist circumference X90 cm. Locations of adenomas were divided into proximal and distal colon by splenic flexure, which was included with distal colon. pathophysiology of the metabolic syndrome is considered to be primarily attributed to insulin resistance. 21 Previous epidemiological studies have reported that hyperinsulinemia-associated obesity is clearly associated with increased risk of colorectal adenomas, 22--24 and a recent study has demonstrated that obesity defined by BMI was associated with the subsequent development of colorectal adenomas among men. 25 Although several previous studies have shown a specific association between metabolic syndrome and the presence of colorectal adenomas, 12--15 these studies did not observe the risk of colorectal adenoma recurrence linked to the metabolic syndrome. To our knowledge, this is the first report indicating that individuals with metabolic syndrome have a significantly higher risk for the recurrence of colorectal adenomas in men.
In this cohort study of adenoma recurrence, we found that the 40.4% recurrence rate observed during 4.8 years was consistent with those of several previous studies reporting rates ranging from 20 to 50% on surveillance colonoscopy within a 3--5-year period. 26--28 The results from this study showed that the metabolic syndrome and central obesity were positively associated with recurrence of both overall and advanced colorectal adenomas in Korean men. These findings suggest that clusters of individual components of metabolic syndrome have an important role in the recurrence of colorectal adenomas in men. A previous prospective study showed that men who met the diagnostic criteria for metabolic syndrome were not associated with the recurrent colorectal adenomas. 29 In spite of strict criteria for central obesity (WC X90 cm in this study vs WC X100 cm in the Western country), our results showed that individuals with metabolic syndrome and increased WC were significantly associated with the recurrence of colorectal adenomas, suggesting more susceptibility to colorectal carcinogenesis in Korean men with metabolic syndrome. For advanced adenoma in the current study, metabolic syndrome, high BMI and increased WC were strongly associated with the risk of adenoma recurrence. In several studies of colorectal adenomas reported to date, high BMI has been shown to be associated with the development of advanced, larger adenomas of the colon. 30--32 Thus, individuals with high BMI, as well as metabolic syndrome or central obesity, should be carefully followed for the development of advanced colorectal adenomas.
In contrast to metabolic syndrome or obesity, physical activity can improve insulin resistance 33 and thereby reduce the risk of colorectal adenomas. 34 Another possible physiological mechanism of reducing the risk of colorectal adenomas by physical activity is that exercising might increase colon peristalsis and thereby reduce the contact duration of fecal carcinogens with the colon mucosa. 35 Even if there was no significant association between physical activity and overall adenoma recurrence in our study, we found that the recurrence rate of advanced adenomas in exercise group was significantly lower than those of subjects who had never exercised. Previous prospective studies reported a strong positive association between cigarette smoking and the risk for colorectal adenomas. 36, 37 In the present study, current smokers have a 2.6-fold higher risk of developing advanced colorectal adenoma recurrence. In addition, we found a direct association between alcohol consumption and recurrence of overall and advanced colorectal adenoma. Ethanol itself is not carcinogenic. However, its first metabolite (acetaldehyde) has recently been shown to be a local carcinogen in humans. 38 Although the potential association between alcohol consumption and colorectal cancer risk for the Korean men is currently being debated, our results support that alcohol consumption may exert an unfavorable influence on the recurrence of colorectal adenomas.
This study had several limitations. First, there may have been a selection bias in that the subjects in our study were individuals who visited the health promotion center in the hospital and underwent colonoscopies; thus, they were more concerned about their health status and were of a higher socioeconomic status than the general population. Second, information on cigarette smoking, alcohol consumption and physical activity was self-reported, which allows for recall bias. In addition, we could not analyze the intensity of cigarette smoking that might have influenced the recurrence of colorectal adenomas. Third, it is likely that polyps missed on the baseline colonoscopy might be counted as recurrence in some cases. The rate for missed polyps on colonoscopy has been estimated to be approximately 13% for adenomas 5--10 mm in size and 26% for those 1--5 mm. 39 Finally, heterogeneity may exist in the measurements in terms of fasting status and the time of day when blood was collected, and inevitably, some degree of measurement error in laboratory assays.
Despite these limitations, the present study has a number of strengths, including the prospective nature of the data collected for adenoma recurrence using colonoscopy. An additional advantage is that actual measurements of height and weight were made by trained staff. This is preferred over self-reported data, which have been used frequently in a number of well-known large-scale cohort studies, because individuals tend to answer inaccurately to their anthropometric measurement. An additional strength of this study was the inclusion of simultaneous anthropometric, fasting blood sugar, triglyceride, high-density lipoprotein cholesterol levels and blood pressure measurements in a population of individuals with an average risk for adenoma. Furthermore, information on lifestyle variables such as physical activity, alcohol consumption and smoking habits was also collected before any subsequent diagnosis of colorectal lesions.
Identification of risk factors that influence the recurrence of adenomas may provide useful information to improve the tailoring of intervals between surveillance colonoscopy. Although the number, size and pathological status of the adenomas are currently used to determine surveillance interval according to the American College of Gastroenterology guidelines, metabolic syndrome or obesity must be considered when clinicians are determining appropriate follow-up intervals. In conclusion, Korean men with metabolic syndrome had a significantly increased risk of recurrent colorectal adenomas, especially advanced adenomas. This finding suggests that further investigation for risk factors associated with colorectal cancer may be warranted in individuals with metabolic syndrome.
